Gas flows in S-E binary systems of galaxies by Sotnikova, N. YA.
GAS FLOWS I N  S-E BINARY SYSTEMS OF GALAXIES 
N.  Y a .  Sotn. ikova 
A s t r o n o m i c a l  O b s e r v a t o r y  
Len ingrad  S ta te  U n i v e r s i t y  
L e n i n g r a d ,  USSR 
OBSERVATIONAL EVIDENCE OF GAS FLOWS I N  BINARY SYSTEMS 
T i d a l  i n t e r a c t i o n  between t h e  g a l a x i e s  i n  b i n a r y  s y s t e m s  
leads to  i m p o r t a n t  consequences .  Some p e c u l i a r i t i e s  i n  g a l a c t i c  
morphology as w e l l  as t h e  t r a n s f e r  of matter from one g a l a x y  t o  
a n o t h e r  may be due t o  t h i s  f a c t o r .  I n  p a r t i c u l a r ,  g a s  f l o w s  i n  
i n t e r g a l a c t i c  space may be formed.  Such f l o w s  e n r i c h i n g  one  
component w i t h  g a s  f rom t h e  other  may p l a y  a s u b s t a n t i a l  role i n  
t h e  e v o l u t i o n  of mixed (S-E) p a i r s .  One can  ment ion  s e v e r a l  
f ac t s  c o r r o b o r a t i n g  t h e  p o s s i b i l i t y  of t h e  g a s  t r a n s f e r  f rom t h e  
s p i r a l  to  t h e  e l l i p t i c a l  g a l a x y .  
1. High H I  c o n t e n t  ( l o 7  - l o 9  Pl,) is d e t e c t e d  i n  n e a r l y  40 
E g a l a x i e s  ( B o t t i n e l l i  and Gougenheim, 1979; Knapp e t  a l . ,  
1 9 8 5 ) -  Such g a l a x i e s  are o f t e n  members of p a i r s  or of m u l t i p l e  
s y s t e m s  i n c l u d i n g  an  S g a l a x y ,  which may be t h e  s o u r c e  of gas 
(Smirnov and Komberg, 1 9 8 0 ) .  Moreover ,  t h e  g a s  k i n e m a t i c s  and 
its d i s t r i b u t i o n  also i n d i c a t e  an  e x t e r n a l  o r i g i n  f o r  t h i s  g a s  
(Knapp e t  a l . ,  1985)  I n  many cases there is an o u t e r  g a s e o u s  
d i s k .  The d i r e c t i o n s  of  t h e  d i s k  and of  s te l la r  r o t a t i o n  d o n ' t  
always c o i n c i d e  (van Gorkom e t  a l . ,  1985; Varnas  e t  a l . ,  1 9 8 7 ) .  
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2. The g a l a x y '  colors i n  S-E p a i r s  are c o r r e l a t e d  ( t h e  
Holmberg e f f e c t ) :  b l u e r  e l l i p t i c a l s  have s p i r a l  components t h a t  
are u s u a l l y  b l u e r  (Demin e t  a l . ,  1984) .  
3 .  The f r a c t i o n  of E g a l a x i e s  w i t h  emis s ion  l i n e s  (Nem)  i n  
S-E p a i r s  showing traces of t i d a l  i n t e r a c t i o n  is twice as 
large (Nem = 0 . 2 4 )  as i n  p a i r s  w i t h o u t  i n t e r a c t i o n  (Nem -" 0.12) 
(So tn ikova ,  198833). S i n c e  t h e  p r e s e n c e  of e m i s s i o n  l i n e s  i n  a 
g a l a x y  spec t rum s t r o n g l y  depends on g a s  c o n t e n t  t h i s  f a c t  a lso 
l e a d s  to  t h e  c o n c l u s i o n  t h a t  e l l i p t i c a l s  i n  i n t e r a c t i n g  S-E p a i r s  
are e n r i c h e d  w i t h  gas .  
These f a c t s  may be c o n s i d e r e d  as a s e r i o u s  i n d i c a t i o n  of t h e  
e x i s t e n c e  of g a s  t r a n s f e r .  Hence, i n v e s t i g a t i o n  of t h i s  p r o c e s s  
is of in te res t .  
FORM OF THE GASEOUS STREAM 
Taking i n t o  accoun t  t h e  c loud  s t r u c t u r e  of i n t e r s t e l l a r  gas 
i n  s p i r a l  g a l a x i e s ,  one may assume t h a t  t h e  gaseous  stream i n  S-E 
p a i r s  cons i s t s  of d i s c r e t e  condensa t ions .  Hence, it is p o s s i b l e  
t o  c o n s i d e r  t h e  motion i n  t h e  f low w i t h i n  t h e  framework of t h e  
r e s t r i c t e d  three-body problem of ce les t ia l  mechanics.  To  conf i rm 
such  a p o s s i b i l i t y  l e t  us  show t h a t  t h e  c l o u d s  w i l l  n o t  e v a p o r a t e  
a l t h o u g h  t h e y  are h e a t e d  by s o f t  X-ray emiss ion  from t h e  
i n t e r g a l a c t i c  g a s .  On t h e  o t h e r  hand, t h e  c l o u d s  w i l l  n o t  
c o l l a p s e  under  t h e  a c t i o n  of t h e  e x t e r n a l  p r e s s u r e  (Pext)  and 
f o r m  s t a r s  d u r i n g  t h e i r  f l i g h t  t o  t h e  E ga l axy .  The f u l f i l l m e n t  
of t h e s e  s t a t e m e n t s  s u b s t a n t i a l l y  depends on t h e  parameters  of 
t h e  c loud  and of t h e  i n t e r g a l a c t i c  medium. Time scales of t h e  
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p r o c e s s e s  i n  q u e s t i o n  are smaller t h a n  t h e  t i m e  of t h e  c l o u d  
f l i g h t  t o  E g a l a x y  (So tn ikova  1988a) .  
Taking  t h e  c l o u d  t o  be i n i t i a l l y  homogeneous bo th  i n  
t e m p e r a t u r e  (Tc2 = Tc2 ( t ) )  and i n  d e n s i t y  ( p c 2  = pC2 ( t ) ) ,  one may 
w r i t e  down t h e  e q u a t i o n s  d e t e r m i n i n g  t h e  changes of c loud  r a d i u s  
R (  t 1 and its t e m p e r a t u r e  (So tn ikova  1986) . 
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Energy g a i n  due t o  h e a t i n g  by X-rays has  t h e  f o l l o w i n g  
form: r = 36pxc/2R (So tn ikova  1986) ,  where p, is t h e  e n e r g y  
d e n s i t y  and 6 is t h e  rate of t r a n s f o r m a t i o n  of the  ene rgy  of X- 
r a y s  to  the rma l  energy .  I n  c a l c u l a t i n g  t h e  c o o l i n g  f u n c t i o n  
A s e v e r a l  d i f f e r e n t  abundances of heavy e l e m e n t s  were c o n s i d e r e d .  
Numerical s o l u t i o n  of s imul t aneous  e q u a t i o n s  (1) h a s  shown 
t h a t  t h e  c loud  n e i t h e r  e v a p o r a t e s  nor  c o l l a p s e s  i f  its mass 
is: 30 M 
e l e m e n t s ?  and t h e  r a t i o  Pext/ncLkTcR is n o t  too l a r g e .  
T h e r e f o r e ,  one can c o n s i d e r  t h e  gas f low as a stream c o n s i s t i n g  
of d i s c r e t e  p a r t i c l e s .  
< M < 200 Mo' i f  t h e  g a s  is d e f i c i e n t  i n  heavy 
0 
The changes of t h e  r a d i u s  and t e m p e r a t u r e  of t h e  c loud  
hav ing  M = SO Ma, are shown i n  F i g u r e  1. 
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Figure  1 .  Changes of rad ius  and temperature of a c loud by a c t i o n  of 
e x t e r n a l  p r e s s u r e .  Pext-ncfikTCa = 3 ,  To = 50 K, R, = 2 . 5  kpc, 
d = 0 . 7 ,  nc+/nH = O.l(n,/nH)o, no/nH = 0.5(n,/nH),,  T = t / 1 . 7  x 10 
y e a r s  . 6 
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TRANSFER OF GAS TO AN E GALAXY I N  A BINARY SYSTEM: NUMERICAL 
SIMULATION 
A s  is known, o r b i t s  of g a l a x i e s  i n  pa i r s  are a l m o s t  c i r c u l a r  
(Karachen t sev  1987) .  T h e r e f o r e  one has  t o  s o l v e  t h e  c i r c u l a r  
r e s t r i c t e d  three-body problem f o r  c l o u d s  ( " p a r t i c l e s "  ) t o  s i m u l a t e  t h e  
gaseous  stream. Because t h e  g r a v i t a t i o n a l  p o t e n t i a l  of g a l a x i e s  
d i f f e r s  from t h a t  of  a p o i n t  mass, a m o d i f i c a t i o n  of  t h i s  problem must 
be made ( S o t n i k o v a  1988a) .  The s te l la r  mass d i s t r i b u t i o n  i n  t h e  d i s k  
c o n t a i n i n g  c l o u d s  w a s  t a k e n  t o  o b t a i n  a f l a t  r o t a t i o n  c u r v e .  The d i s k  
p l a n e  c o i n c i d e s  w i t h  t h e  o r b i t a l  one.  The h a l o  p o t e n t i a l  is supposed  
t o  be s p h e r i c a l l y  symmetr ic .  
The e f f i c i e n c y  of g a s  t r a n s f e r  depends on t h e  f o l l o w i n g  main 
f a c t o r s  ( f o r  g i v e n  q = M~/M,): 
a )  t h e  r a t i o  of  t h e  r a d i u s  of t h e  s p i r a l  g a l a x y  Rs t o  t h e  
d i s t a n c e  between components rSE; 
b )  s p i r a l  g a l a x y  o r i e n t a t i o n  r e l a t i v e  t o  o r b i t a l  momentum; 
c )  g a s  c o n t e n t  i n  t h e  s p i r a l .  
The v a l u e  of q may be e s t i m a t e d  u s i n g  t h e  r a t i o  of t h e  
l u m i n o s i t i e s  LE/Ls.  
is 1 - 2 (Karachen t sev  1987)  . 
U s u a l l y  0.1 < q < 10 and t h e  a v e r a g e  v a l u e  of q 
A r e a s o n a b l e  v a l u e  of RS/ rSE  may be e s t i m a t e d  as f o l l o w s .  The 
o u t f l o w  of gas from S g a l a x y  c a n n o t  o c c u r  i f  t h e  i n i t i a l  r o t a t i o n  
v e l o c i t y  V of a c l o u d  a t  t h e  d i s t a n c e  from t h e  c e n t e r  of s p i r a l  
g a l a x y  e q u a l  t o  its r a d i u s  RS is n o t  large enough t o  r e a c h  t h e  
Lagrang ian  p o i n t  L1. 
Vo sa t i s f ies  t h i s  r e q u i r e m e n t .  
0 
L e t  RSmin be t h e  minimal  v a l u e  of RS f o r  which 
and t h e  s i z e s  The v a l u e  of Rsmin/v SE 
of c r i t i c a l  Roche s u r f a c e s  RCr, min f o r  p o i n t  masses are g i v e n  i n  
Tab le  1, 
Tab le  1. 
RSmin/rSE Rcr min/'SE 9 
0.1 0,421 0.594 2.0 0 . 198 0.313 
0.5 0.287 0.439 5.0 
1 . 0  0.240 0.373 10,o 
0.153 0.242 
0.125 0.197 
For o u t f l o w  of g a s  from t h e  S ga l axy  t o  be p o s s i b l e  t h e  
f o l l o w i n g  i n e q u a l i t y  m u s t  be s a t i s f i e d :  
RS/rSE > RSmin/rSE' (2) 
Taking i n t o  accoun t  t h e  mean v a l u e  of <q> 2 c a l c u l a t e d  from t h e  
d a t a  of (Karachen t sev  1987, Faber  and G a l l a g h e r  1979)  , one can  
see from Table  1 t h a t  RSmin / rSE  = 0.20.  
F u r t h e r ,  one can f i n d  t h e  mean v a l u e s  of t h e  p a r a m e t e r s  of S 
cn 
g a l a x i e s  i n  p a i r s  w i t h  and w i t h o u t  o b s e r v a t i o n a l  traces of 
i n t e r a c t i o n  and compare them w i t h  t h e  v a l u e  of RSmin i r S E '  
I n  a sample of 41 p a i r s  w i t h o u t  any v i s i b l e  i n t e r a c t i o n  
<R >/<rSE> = 0.17; i .e. ,  < RSmin/rSEo 
t h e  sample does n o t  s a t i s f y  t h e  r equ i r emen t  f o r  g a s  f low ( 2 ) .  
Thus t h e  "mean" g a l a x y  of S 
The S g a l a x i e s  from a sample of 38 pairs  w i t h  o b s e r v a t i o n a l  
traces of t i d a l  in te rac t ion  g i v e n  i n  Karachentsev  (1987)  have  
<RS>/<rSE> = 0.40 and t h e r e f o r e  i n  t h e s e  sys t ems  t r a n s f e r  of g a s  
t o  E g a l a x y  is p o s s i b l e .  
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To get the characteristics of the gaseous stream from S 
galaxy numerical solution of equgtions of test particle motion 
were carried out (Sotnikova 1988a). Many sets of initial 
conditions were used and two different cases were considered. 
(i) The direction of spiral galaxy spin and that of orbital 
momentum are the same. 
(ii) These directions are opposite. 
The main results of the computations are: 
1. In the case (i) the time scale of stream formation is 
much smaller than in case (ii). For example, in the last case 
the test particle has stayed on its circular orbit in S galaxy 
during the period of revolution of the whole system 
(-3.10 years). 8 
2 .  In case (i) during one revolution of the binary system 
the stream evolves to quasri s t ~ a d ~  state (Figure 2 ) .  
The S galaxy loses about 0 , 5 %  of the total amount of gas per 
8 period of the disk revolution (-10 years) . Mean values of the 
parameters for systems with interacting S-E galaxies from 
Karachentsev’s list (1987) are: rsE = 34 kpc, MS = ( 2  - 3 )  
z 11 10 Mom The corresponding cloud transfer rate is fl 
gas 
(0.1 - 0.3)Mo year-’ provided the total mass of gas in the galaxy 
is about 0.1 Mstarsm 
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F i g u r e  2. The number of tes t  par t ic les  N ( t h e  u n i t s  are 
a r b i t r a r y )  l o s t  by s p i r a l  g a l a x y  a t  t h e  t i m e  T = t / 2 . 1  l o 8  
y e a r s  ( r S E  = 34 kpc ,  MS = 2 Molr q = I ,  RS/rSE = 0.35, 
R E / r S E  = 0.35. 
-* 
-- 
-- 
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CONCLUSIONS 
9 I n  t h e  c o u r s e  of S-E p a i r  e v o l u t i o n  ( t  - 10 y e a r s )  a e v  
s i g n i f i c a n t  amount of gas  may be t r a n s f e r r e d  t o  E 
g a l a x y  (dgas tev 
obse rved  H I  c o n t e n t  i n  E g a l a x i e s  which are t h e  members of 
8 = 10 Mol. T h i s  v a l u e  is of t h e  o r d e r  of 
mu 1 t iple  s y s  tems . 
One may mention also t h a t  t h e  presence of emis s ion  l i n e s  i n  
s p e c t r a  of many E components of close S-E p a i r s  ( 2 5 % )  may be 
caused  by gas ga ined  by E g a l a x i e s  due t o  t h e  t i d a l  i n t e r a c t i o n  
w i t h  S g a l a x i e s .  
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